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|57|«* 

(Mortierellaalpina), igattTlfc©^^^** 
SS&S £ J: #3>J ill) H8g, f&Jam&fktom, 

Mo 



(BJ)£ 1456 ^ 



ARA, MJ^* EPA ARA 

5 2.mig^^j^^ i afatt^attx*^** hii^m, inuMa«4> 40% 
■a- *=ib^.s:w ara m Rm*±?t% EPA . 

50%ARA . 

4.«l§&;|«3fc 1 S 3 * + 

10 (Mortierella sp). 

BB + S^ 25%«JjgJ»Ift«££ ARA . EPA #5 gltt^ ARA ftM 

tt#asiHlA*B^2^ 80g/L *««FW««WffiS : f Sil? I5g/L &«3HMfettft 
£; 

(by&«#tt3TJ&Bfra«F pH *f 5 S 6 
(c)«E«#tt*MBfraJKFpHit«F«E7M7.5 5:(BI; 

W 35%. 

25 sms ig&^j^ 6i8 *tt-im&&)i3i£> n^w&mmm&Mih&mm. 

30. 43.A*JUK:frfc#Jl£#S ARA M-H-iftHffiM^rfe, &££^JLK;fr&^* 

iDAJMttftSteJtBPtttf Hfttttt. 40%ARA MJ3. EPA fft^ 

iyF&#ARAift£#;t- jEltWipAttftS^r-ftft+WARA^M^iLttt 



I 



i6.*JB«*J5f* 13 S 15 +tt-««faw*-ft, JC+Blf «W*tt^*W EPA 

ARA + 

nMmumm* 13 s 16 +£-*BiHfcW2rafe. jt+5f«w«uMs*±^* 

EPA. 

i8.*«fc#J5# 13 £ 17 #r*£i$3ffe> gtflr&i&fafli'S- 

50% ARA . 

JLK^**4 , *0AJ£*W*attJt»i* ,s «l»**« ARA , fiatt + MTS** 

40%ARA ME. EPA ^i;*Mit ARA S#£-Mtfil&HBg. 
ARA+#£-#J EPA. 

21. ««tf«# 20 0r$M5ULK:fr**>. K+fffcWKMPiMM^* 

3" EPA . 

22. tt&K#l9* 19 5 21 «t^-*I**fctt*JLE2r*4&. 

j^tfiflg-^Si!^ 50%ARA WffWlHiB. 

23 -ft^A^%^^ra*&K(ARA)W^risfe. fe»£«3?tt3fc ARA WAffiffi 

B&^Si!? 40%W ARA ARA EPA , & + 0FifcMilMB** 

pIW^^i&^^WAtimh^ARA. 

24. *»Rjfim* 23 fr«W*i*. 50%W ARA . 

25. *»«*J5* 23 3 24 0r$W#ife. *+tfifcttffl'&*l&AttffiW** 
0.2-0. 8g ARA/^. 

26M®mm* 23 M 25 +ff-«M3«tt**. * + 0rifcWffl***ftBtt 

27. «S««I9« 23 S 25 +ft-WfifcMMc. a+0rifcttffl**ft#ftK 

28. «*«3pJ5f* 23 £ 25 +tt-«Sf j^tt^Tft. K + J9fifittfi'&«*J*«tt 

29. «*§tt*J3# 23 5 25 +ff-«J3fiE»**. K+Bff*'WA**fi**»l 

30. *»tt«W 23 5 25 tft-*J9fSBWm *+*fifctt1Mtt3fe ARA 

WAStfi#&l*»- 



32.«lg*tfPJ3Mt 23 M 25 +ff-«5fi6W^rft. S^Sf^WfM^ ARA 

WAA*w**r#* ara jmniTic^TP*. 

ARA , Jfff^^ii^I^ 40%#J ARA ffl^ffia ARA 

»(EPA). K + ^W^fli^^W^^ffi^ffl^^^^*****^* 
35.««tX*J5* 34 0r&tt&£-tt. M4> 50%ARA . 



5 ftgjjjjg 

?E£iaffi&(ARA)Jt<D6 ^^tt*^f65fPfl&|l!rtt(PUFA)(5,8 f ll > 14-r+SS|Eg« 
10 &, 20:4). ARA^A^'f^Sft^t^ C 20 PUFA. M^lfl 

£W£&iStt«rJI(eicosenoid), E 2 (PGE 2 ), BU^JflW^PG^), jfiL& 

& A 2 (T X A 2 ), fne^BlfiH^ leukotireneB 4 (LTB 4 )ffl C^LTC^WSScir^.- 
15 eicosenoid A:£ttJ|&3&tt1tf. ifiL$«#, ]fo.tf»tt, Si»J&#a&iaj|lL/h«*JS 

ara ttAtMRM, ara &a&&ffil»J& 

lEA^rt^ftm^, Burred, ^ ( Lipids) , 25: 354-356(1990). #flU, A^lfc 

»JLft*-¥+K(W:^ri«22 5 3fl. J&flH, f«**WtfrftARA. #7 

iiJ£&-fflfl?W*&-&, ^IL + ^AfcW ARA'. Sanders^, Hgl|fiflcg#g:& 
|( Am, J. Clin. Nutr. ), 31: 805-813(1978). ARA Ji#?L^±^W C 20 PUFA . 

»#?L"r#*jlw#*. *K***±x#K»JLRrwaii»iiiwk* ara & 

ft**«A»f»wm**JLK***+^*-H-tt=»»^tt ara . 

Jl##l!tf] US4,670,285(Clandinin #)S^7»JL^^ ARA £fl Wl!gflfr&Mfl|:&. 
ft7»#&*]»|fri|, Clandinin^^di7-#gm, &JA$jfiL&g|BMtB*ttfttt 

S^m(EPA). e,^PEPA^£^JL^I*I^f!jARAW^^. Carlson^, INFORM , 1: 
306(1990). flrW, m#t&«£Jl& ARA EPA. llfc*h g^4»WARA^S 
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S*ttfjg#. Shinmen ^& ^£t?ft# ( Microbiol. Biotech.) 31 ; 11-16(1989)*$ 
it, mm%MMW.&&£&> i-ft^^tb^X0^lljMB«(Mortierella alpina) 
^ARA. (#JAL Shinmen %&)B*i?%\ 1,215,245). mZftZfS, &M£tl> 

Shinmen m^^im^^^^^'^^^ 

Porphyridium cruentum , -fl>£l&ltt$t$£. *I W«?fc*4 , **fl»lt, 
tl + tl^I 40% W ARA . Ahern £ffife7E-5£&Xg ( Biotech. 

10 Bioeng )25 : 1057-1070(1983). *I5lftJi, &g ARA ±I-^?L«^^, 

-ft#*L+*WM3C'&«ttJB. &#. *tt£JERMpT*!lJ8 ARAft££tJ*i8 1%, 

me. ara w^A^^TPisatt^fi^ffl^RJLE^^^w^jiDJW. 

US4.870.0 11 (Suzuki #)£ff 7^#?S«fl(Mortierella /S)3tH + ^E^iPy-3E 

15 DE36O300OAl(Milupa)^ffT-#^m^^^fl§^^m^tl, &£ffcfc*JME 

3fr*»+J©J»ffl#Wflifc. iSftfl&flfrtR^+^ffiS-fcM ARA fq-+r$A;l3& 

K(DHA),' M^Ztt* 2.5:1 , _ 2^^*1100. PJ#ftai§I!&lfc*»**fi£Slto 
SX. &1A. *a*rt»»W«#MI»*K*Ji«lW«l'f*. DHA^ARA6<J- 

tt**»ttft»*n»a*nttE*. jii*tfA*HW*&»ffl#*i»*x. ^ 

ARA»ftl]#J[*lW. 

J5fIU, -llU^fllif-ft^W, Xik±«mitt> Sfr^EPAlll^&W ARA 

30 ^^W^A^^iaftttWMfllCARASCO^^^^ffl; iax**J»JHi 
£JL 3*£3i&P$?l#i$3&, sK**SBlBARA^JEtt^WAIltt*h3S5WARA. # 
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" ARA " ft " EPA - ^^^ta^S'J^^^E^mfOr+^2^^6<J^^, 
5 1, KIM^tt "S*±^# EPA " . *£9iffi^llftfiffM%^iam(ARA) 

(EPA)WS»tft(ARASCO)M^Tfe. "g#±*£" fttLtiUfc*. EPA ft 

^Stt^ ARA 1/5 . WU$3^$31£ttft. 

ARASCODcARA MUfi&t&tt, i^#l|fiW^tttg^^M'R»BC&t#cg > 

^WW^^ttSm^ll^Mtf^HB^fl&lte^aS+ffi^^W^ ARA(M 
4> 40%Mfl&JKf&£feg£ ARA ftH, 50%H»). ARA -5 EPA &£;£t*-&flM5(£ 
15 4? 5:1, ££!>20:1 3EJSP, w/w). ^^^Bj^fl, 3 ^&*Htt 

a^j(pjftiaiaw-H-«ii=B^rw<b#'&jjt(«i»i. aa ara ute-awajp 

20 
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18:1 


18:2 


18:3 
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33.5 


16.3 


23.3 


13.0 




3.0 




2.0 


13.2 




26.6 


11.9 


13.2 


13.8 


2.4 


4.0 




0.3 


15.7 


0.8 


55.8 


11. 1 


9.0 






7.3 




7.4 


19.1 


1.9 


6.3 


24.5 


12.5 


10.5 


10.5 


9.3 




6.5 


9.9 


10.3 


21.2 


18.5 


3.5 


13.4 


10.9 


5.0 




13.6 


9.9 




14.7 


10.9 


2.5 


24.3 


21.7 


2.2 




14.7 


9.1 


2.2 


14.8 


12.6 


3.6 


22.1 


5.7 


4.5 




10.3 


15.4 


6.9 


12.3 


21.0 


3.9 


10.6 


12.4 


11.9 




9.5 


16.7 


10.5 


17.1 


20.7 


1.3 


9.0 


6.9 


13.3 


Pythium insidiosum 


9.5 


11.4 


12.1 


1.0 


8.3 


9.3 


31.9 




2.8 
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*&*XMttWt&&&&jitoXnft%*%&X&P i ARA . Weete, J. D.,Xg 
B^ffJ^tlfl^ ( Fungal Lipid Biochemistry ), Plenum Press, N.Y.(1 974). i^^j* 
ARA^S^^t. ^^^WESMSrt^i^l^ARA^^aS^^^*^ 
rH-^SW(EPA). ^ 1 £iiJ7 P. insidiosum ft&£K0(ttfl£flM*£#). 

5 ^4WJi. P. insidiosum W^lft ARA ^ EPA gij^tj. S^fevft, -fttl^* 
^^^#EPA.##W^«M-l^(LOA)^^ARAf^^WJ^J. JSJfW, £ 
pTIM^IWIB^^ ARA ffl EPA WK®, fifiy^^^i 
EPA S^^^6<J®#IHSPythiuminsidiosumfq^lljM^S. W 

±M«Jlti«£0&^iJftt. Rockville, Maryland ft|tg&Syig#tl&$c 

10 "^(American Type Culture Collective), UM^frftlZ} 28251 42430 . S^^C 

P. insidiosum ^Q^llj^?e^^fflf^^^*t4WE0W^. W^Jr*^/^ 

ARA ^^j^nm. &-mm^vmam^ ara ^ms^^^iL+^pj^^ 

15 Jimij^^m^:. temi*, ARA:EPA£tfc:«±{!l#^20:l . *&$4##J#J& 

$ ARA ARA:EPA£ttMiH*J 5:1 . 3Wft)£, SiH*J 10:1 , 

#20:1. TOL, -^EPA^Mtb, ft*Mp D p*#J ARA ^fli®^, 

£3*flE&#*H*#£ 10-100 tf=?MM.mft, ii#^ffi^i5g/l. JMrTBH? 
jS^S^-E^ £0Mffija##SM8*. itk^K SLU^Jlft P. insidiosum tomm. 

n«^4g/i. pm^jws&iu fiteift. 
*RrisJijfittiPA, BP««^fr-*tt^«P*pA. 

«ftt^25M30 t:ig#3l4^, fcdjWM*J£l2*/Bft 
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luiftsw. *m&Mt, ¥jMA£g&»&£ttfT&B.' «»w*. stf 
5 36^*f*n 15 1.5 ipwrj^fa. ^uttm&£tt*ftftft& 

10 $S!»fl<|ft^j»fl*ftit^lE»«lfi»ll*«Wtt 10%5«I50%. 0rW, ft 

#M£*N*aLM«£&#J 50cm/sec M#J 500cm/sec , «J 100 M 200cm/sec 

ft*******!****!]*.- 

m=? \5&\m^%^wm i &®®^n.wftw&&, Rjfft«»as+jipA»*« 

DJifeinA, !Sc#ft±^WSrtW^|5lBrf^S^iP, ia«M^fc?H&#S 75-300g' 
1fi^8t(C:N > 5:1 , & w/w W««f:»#«Jfti»^)*S. ft-AttM + . 

25 inS^7l;##£ 16 iKSft^J&WW^MST ^ 80 j£ 80 

30 f&fr], ^J^PMazu310 R ^tJfHl*P^±m». 

Ht^ifijT^s^M epa ws^w ara . mm, M\h&mm& is c^t^#w 

J&*«j25x:£«j30T:. 



5f*W4»#*» 25g/l M£ 

tl. &#M4«#-JRBrftft#Jg48S72/jMItrtjS5!l. ifcftf, 
5£40%*£]», BPfflJg, KfH-iftHKWfflJft + 'S'Ml 10-40%* ARA«g|, 

10 Bt, *»W4^$S!l«iiW. ^iaiiiJ^tt^**^JR&*l'^^«i1H. 0W. 

imA. ^WiiaHinA««*^lR4^W*J(#J15LShininen^). pTI^iia 

*. !WJ#, 2ib^S*4«iaSft, Hft*|)!J*W*^«l«M«»SiS+iDA*«flrW 
15 $#±&&JH. 

tfj^*#»w*zifta. -RsgMttpH. *w#stepm« 

ffiS, i^pH(pH=7-7.5)£$^ji^M*lft ARA #4, <I£ 

20 *AWtt56ra*&pHWH«. bp pH &&B&}$mmm&j5 

25 mum^m, wh5»h*«(d.o.)(*p. ^40%^^f&w«cS)ii^ 

^^^t^^^^^l^W^^^^JfP/^ll^^^tWARA^Wffi^^jg. D.O. 
^W5iail»«IJEE(^»«IKapjEEAH^WS^:), iWSffi#(«fi«#gM#£it 
K), »»Wii J l*(BPJ|»»jgB«r(llrtjii!t«#llW$ A C*. il^jj^ttft 
VVM, §^#|i*ttlg»tt^WSn*)fP/^*iR«l*^^+02^it. 

40%ARAa*WoI¥ft-H-«l = »^»Jg. 5i> 50SARA . 

>16g/L ^KJgs»*#*lH5 pH5 S 6 £|b]. ftflijg, ^^tg 



#«48/hBtJg), ftpHirfftt«£tt&fcpH256. tt«*a«(fP/«z:«{fc«»ai[ 
CER)jiai3fc«jfi«*B*(ii#*<I 72 /jMtfjH), O.lpH/>jNfl*tt&jBMtFifcJg0[ 
ThiSM pH6.5 M pH7 £fi]. &;§££g*W*JsBfr&, ft pH gffe|£#J pH=7-7.5 BUT. 

*aW4"0%, *ff*aiiia»f^KttffiS llpsi, iDSiS#£&30Ocm/seciB#£ 
*hH>I£, 0.5 fr9V£MKtft/4'tl'. £-f£'&3I££$& 

20-60%M«ltt. illlM + «**tf25-70%ft-H-«lH»»5«WARAaai. «m$n#£ 
gARA/L/^i!l£, »Bt&£$J®. 

wftffl^«tt*JM*?«i^ ara waning. fi^ftfir*»tt*M#3iffi. *§ia 

20 B'^^7#. 

25 l2i$ftttj»PlllXt£MfitMl^ttjllPttAll. 

30 W\), ytfttiLG. ^Jg*?S^«»«J£«^WB^(51IUW«ajffl/jN«S(3i#^SfiT 

Ai^A&pinfininx*Mi. «##ft^i!*»ttit**fflTj&jioi(»jpj«* 



Wff, MM\ Crown Ironworks(Crown Mark IV)^ French Inc.tfyj^Sh, j&«il?jr^fl! 

McHugh^, j® j?K ^ ( Supercritical Fluid Extraction ), Butterworth(l986). 

-fir , ft "MMW ttSftffi^. 

tt»*W-5II&j£#»4rW. #J.te^Wtt£l§li|Jr.??fi]ffl, #JM&i£.£IiJ£-jIlft 

mtoijfe. &^ijmm^ ara ara ^^^a^^^^ifr&tt. 

100 n^n&rn s ara m^. sffifflaiu 

$ ioo ;£T^M&«J«#&# 10-15 ^-H-fftHlg-. Mj^fcJ^MpT 

ARA ^fi^jfi-^IL^ W ARA £ 2 ^ ARASCO + fttJ^HftM^^l 

ttt. w&^w^ arasco wnjLffi^r^^ warn 7 tk«. 





ARASCO 






mi 


8:0 




24.1 


23.6 


0.35 


10:0 




17.7 


17.3 


1.39 


12:0 




14.9 


14.6 


6.99 


14:0 


4.6 


5.8 


5.8 


7.96 


160 


16.0 


6.8 


7.0 


19.80 


16-1 


3.2 


0.2 


0.3 


3.20 


1 8*0 




2.3 


2.3 


5.91 


18* 1 


26.4 


10.0 


10.3 


34.82 


L8-^n6 


9.9 


17.4 


17.3 


16.00 


1 O.JllJ 


4 1 


0 9 


1.0 


0.62 




2 2 


0 1 


0.14 


1.10 










0 61 




1 4 




0.03 


0.42 


20:4n6 


32.0 




U.04 




20:5n3 








0.03 


22:1 








0.10 


22:4n6 








0.21 


22:5n6 








0.22 


22:6n3 








0.19 



1 Simopoulis, A., w-3 ^-^M^-^^!^ ( Omega-3 Acids in Health and Disease) , 
pp.l55-156(1990). 

pm* pj, m arasco *\>%m^)iw>ii"k^tft ara ^w^mi^m ara 
5 Tk^m&ifi. jjt^, *pa arasco ^^^BJS^^^JLie^tit^^J^M^;. 

iI3t, #^JL^-£tJPT$ffl^ 50 M lOOOmg ® ARASCO . ARASCO 

mwmm&T&^M aka^m. m^m^^^^^B^Bm^ 10 %mmo %. 

ffiil^ ARA-g-»^7^30M50%. ffi W#^#JLB£^tlW?4^S^ 

40%ARA j]£Jfr$^S, M^50%?O?. ARA^*^30%fft, l&ftWI^IfiH:^ 
10 ^^JLSe^t/^ 600 M 700mg ^ ARASCO . itt SB tfcftlM-f# ARASCO jtf 
50 ^ge^^^Wtbflj^^T^JLE^'ttl^ir^W^M^, $m Similac^Ross 
Laboratories, Columbus, Ohio). M=f ARA ^M^mMl&&^ifMnm$iitt&)ffiW 
bt. ARASCO WS^^ EPA 

^^jTS + ^ffl Pythium insidiosum Btf, $^#fJW^ ARA 
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gJttrftlHSg. M#J^^6<J ARASCOlPUffl^l&JLE^'frtlW^jJP/FiJ. BU#^# 
^K^tt!^ ARA , Mfi&ii#t?l<M, BPilt^^m^E^-frtltWlPM. 

IE$n:£^£#A^a*fl#J, i^^^^S ARA^^, ^J^?i|g(Vajreswari#, 
ftilt(Metabolism)39:779-782(1990)), &I£^(Melnik, Bo, Monatsschr. Kinderheilta, 
138:162-166(1990)), JffJ», ^TfHttftg, *#4HK£. 

ffl^*hft»#a*££fl#£#to£±£ffi ARA ft&jt £S4 N 40%ARA 

MfA, 5o%ara ffi*ft«S!iiii*3&», mm^mm^, ftmi&tt 

ft ara MA*ffl-£tf JHIiAtolRft. «*"*Xt^^»«"ll?L«|ja*IRffl ara 

£1£J3 ARASCO m^T-^^S ARA W^togUPiH*, Jflt^ffifflHM**. 

irttt^AA^sfttt^aftttflrKiifliSji-ffl*. a*, ^fi^ 0.5-2.0^, -0^ 

20 ara jfa^7X¥5iSiJ!E^. 

^BJW^-S^.jlfi^ll^T^ ARASCO , WJP^XJSff^WJR ARA 

93. 

gjjffjj L *!l#P.insidiosum|j|^iPA55JLBe^^ 
4-80L(^B&^)W^»fll + , ?I^51L S*7K, 1.2kg*««f, 240g 
30 Mttft 15mlMAZU210S®$M. £0$8£ 121 'C #0 45 #$j>. ^^itHt 
3iPA5L?^7jC. &pH^M6.2, S&JgflPA^ !L(*fflflS%J^ 5-10g/l)6H Pythium 
insidiosum (ATCC#28251)%#^. &}I#&Mt>5 125 RPM(250cm/sec 
ft). aiMiftJg* lSCFM(^mtL^m^). #24/|MIt ^iin^s^jps 
3SCFM. ^^JlPA 50%«««^ 2L(lkg 50 /hBt, $«g& 
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be, 2.2kg sfi(4«F i5 g ^fi)/L. wmfs^^m^^±m&^nm 

# loog 5-6 g 2o g =?&tomm il .«z,»£SfiT 

mm--i&$mm-Bti\=ntomGVa. ^XJammttim-stt 30-35% 
me« &3r&*nsw epa . ^w^mmnm^^^mjim^-M^r^ 

Similac®(Ross Laboratories, Columbus, Ohio)*, ft% fct>Mi L EtH^SM^ 60mg . 

10 gflfcffj 2. ft|#HOj«?&*JIfi^iDA*JLR^*fr» 

a-^2L^m c t 3 ^#^LUM^(ATCC#42430) ) 1L g^7jC^P2g± 

S««*£*g#£. 25 "C 7 ^. 

?m, m*) 8g g^S^WM. Jn$«^iJ?f3*ffiB^¥JRMM, #SI£j2.4gffi 

tt. + 23%?E^ia#&», ffi lOOmg/L M^JSiPAiartjWWftJLiE^ 

15 '^q^ Similac®*. 

&mm 3. "#i]jB«iijt^**i:£^#£is#i& 

£^ GYE ig^S (50g/L ^$t*P 6g/L Tastone 154)to&fl»flJ«f'&Aifc Olft 
ft*.' £S£iBgi£jE£ 28 TC , **UK#5Sft* 130-160cm/scc. §^mffi^6psi, 
20 S*0&*ulJt3jO.25VVM. ^3?C®HU^pHi^1?M5.0, KMMWifc^^ pH ffi 
T-M5.5. ffi 8N W NaOH pH*5.5 . T$H> «F 

$Uk¥*t#£ D.O. >40%: #ig£EigjinM Hpsi ; Hfi$#tt£«H-*H&i&KM 
175cm/sec ; WMKM&UM^ 0.5VVM . «jjBH51«lA Dow 1520-US %&%mW. 

(tevimmmnA&i o.imi/L 

25 . pH?rM6.0lU±jsW 12/jNfitrt. &&#^#?£l^#&iU±£Sm + . 

±£»«r&*f GYE mftm (50g/L*^*i;ffl6g/LTastonel54) ; ffitttt£&3* 
m, J5in A±£8tt+. 28 'C , l^^ilEft 160cm/sec , 

ft^ms^ 6 P si , m®M<%m&% o.i5vvm . jKmjsMm® ph 5.5 , ^ 

8N ft NaOH $ft$4t£ft pH>5.5 . J5**J 24 /jMtf IUB3fJ&)AW pH 

30 JUS, fBita^iP H 2 S0 4 *£#& pH6.8 WT. ililjS^lfe^WIEltiPS llpis , & 
R!fi#«lljSiH-^jIfi-S 175cm/sec, 0.5VVM ^ft*^^ 

It D.O. >40%.mJg^HiPA Dow 1520-US %&%mW. (&3K0HMA£<J O.lml/L 

12 /|NB*£#ffc£ttJK&JBI»K#tfr- & pH ftS 6.5 WStt 3-4 ^ff 
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fnkn^is>8.5gi. tefrmm^m w&jg&A so g /L t^s 

W'gM'm*. £65g/L3B^$|(Staleydex), ffl 6g/L ^#ti^tl(Tastone 154)i£^ 
lii^^^ 12g/L£tlj^. £l£ 16 /hBt3*hiPA6g/L Tastone 154, ^H/*^ 18 
g/L %M1?k. 

10 

j*7 7 ilil&iP Tastone 154 ^a-^^jlP^^J^Ma2^TT-^^J^^. g4££ 
3^^7 2 x 20L£SI. ^Sa^fB]^ 168/hBt. W^fftftM^&S:^ 100g/L(-^ 
£»<J 4 W 65g/L *B tfc). -fct» 3 x 6g/L l# Tastone 154 , £-S»j]P 4 x 6g/L . 

%7M&mny>}, ft&m&m^iimi mm^nm^^. 2 ^ 50ml gye 

*gfpS(100g/L Staleydex , 6g/L Tastone 154)|ft:gg$[ ^, £ 28 'C , 150rpm ig^F 4 

^. 4-^4^^, %mm*^ni£M£Wfa ®mm&% 2-5mm . 

tft^-fcttSBtlttli, Wfg£*^*^#t*g. Waring 2 

20 x 3 ^, ^ 25ml WiMfc&WM 2 ^ 2.8L tfj Fernbach ^#^1 + . 800ml . 

(ttAtlrW^ + tttffl 10ml iftgM. Jtft&ft:lJtEft#^fc*£«lto$£ 
Ifcffls, MJ.ftit^ Fernbach *M£&£B^*«*£teJ£ffi$fc«. ) Fernbach 
#3£37fil$*t(Staleydex)100g/L *RB£-^tl&tJ (Tastone 154)8g/L . l^fllgt^Si 
M?#3'J£ 40 28 -C, «#j£S*t#ft 100 M 

25 150rpm. 

£ Fernbach « + 44 /jMtfjg, 2 ^ 20L ft£Htit*. & 

ft*M#5**+#te*«*M**#. ^mm® 5.2 S /l . 

1.6kg(10%)«^*| (Staleydex) fP Mazu204 ffi ft ft] (1.6g, 12.5L 
R.O.HzO^)^ 14 5fQ 15 ^^M^fe 122 "C 45 ft¥f. ®j5&%^m*(& 0 *$M) 
30 JqA800ml(5%)ftft». #&*PT: 
28 -C, 

pH : ffl 2N NaOH ft 2N H 2 S0 4 $ 5 .5 , 
il^: 0.5VVM , 
d #£E: 0.2bar 



80cm/sec, 
D.O.: &ftjft40%&±. 

14 %} 3 * 6g/L Tastone 154 

:&g|#Ji&$|(Tastone 154)^j»J^ 96g/L W*flC#|iJE^0 1 /jMtt. # 3 &ft 
5 & 0 , 20 ft 26 /hftf##dJPA 1L(1.8%). 

% 15 /jMtf. DO j^S 40HI21T. ASS 15 /jMtfS* 22 /hB**F«#aU£ft*2 
175cm/sec. SBiliiffi^n^^M^^T DO ; MJf 23 /hB*£ 72 /hBt, 4 

48'Mtt, jaS#itftBfl-HS 200cm/sec ; 72 /h&t, 250cm/sec ; MSg 

10 80 /jMtf, ftffiM 280 cm/sec . ftjg 120 /jMtf, &tft#i&Kitfc£ 290cm/sec lUidS 
ffi&SflJ. ftl&144/Mtt, s»a#3tSPHftM 280 cm/sec . 

15 g^ : 4 * 6g/L Tastone 154 

:&l£#Ji&tKTastone 154) 3 g4g 96g/L #J?£jg#i^ffi3*0 1 'h*t. # 4 

0 , 20 , 26 m 32 /hB^&iOA 1L(2.4%). 
15 !&16/hB*. DO$cS40%I^T, ^Wm^i^S 175cm/sec, 23 /Js 

&t. *S^iiaffl*na[$^C«[ft*iS1J DO T 40 %IM±; >WJ& 23 /Ntt£ 72 /jMtf, 
ft 4 t«t*inA*n. K» 36/jMtfm 5 
^48/hfft, if#3i^B5H-^M210cm/sec; 72 /Ntt, fti^M 260cm/sec ; £ 
&80/hB*, #ffiM 290 cm/sec . ftjg 90 /jMtf, *JJ8#aKI*ffiS 280 cm/sec . ft 
20 ^144/jNBt, &«#afc&l*teS-260 cm/sec. 



Sl68/jNBt, ffi^ 0.5 I2mm, *hffcH&£&&ffl$jfr&&. 

2-4cm BtAliPA^^HfW^^J. M 48 /jMtffliT, ?fi«*^T», {HBt^fatttt 
30 [$4§£. ft£6Nlg + , Mttttf&*#^-*i!liitbP»ra. 150ml m?& 




ft. M 24 /JnB^, 



IRfP). 168/MB£BMt*ftft&tt3MI 13L. 



3 ^^a^ 
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3 * 6g/L YE 




(g/L) 


NH3 
(mM) 


(g/L) 


(%TS) 


ARA 3" Ji 

(%vft) 


(g Jft/L/d) 


0 


105.0 


3.0 


0.4 








24 


97.4 


5.9 


3.3 


4.8% 


23.5% 


0.16 


48 


73.7 


0 


18.3 


7.9% 


23.4% 


0.72 


72 


60.3 


0 


21.0 


14.4% 


25.4% 


1.01 


96 


48.0 


0 


22.3 


18.3% 


27.5% 


1.02 


120 


40.0 




25.2 


21.1% 


29.4% 


1.06 


144 


34.7 




26.6 


21.8% 


30.9% 


0.97 


168 


29.0 




27.5 


26.1% 


31.3% 


1.03 
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4 x 6 g/L YE 




(g/L) 


NH3 
(mM) 


(g/L) 


fa 3" J; 

(%TS) 


ARA ^ M 


( g m/L/d) 


0 


109.0 


2.9 


0.4 








24 


103.0 


5.1 


3.4 


4.3% 


21.9% 


0.15 


48 


74.1 


0.3 


23.6 . 


6.8% 


23.1% 


0.80 


72 


51.4 


0 


29.8 


10.3% 


23.9% 


1.02 


96 


40.0 


0 


32.7 








120 


27.9 




31.7 


18.2% 


26.6% 


1.15 


144 


19.8 




33.5 


20.7% 


28.1% 


1.16 


168 


11.0 




29.9 


21.7% 


29.9% 


0.93 



a-ffl*iftft*Tjiaitia«»ft»*«ifttt* 3 i t *a-^ii*j is *. &m 
mmm 5 im^mmmm Mazu204 h.sl 12.5 l w 

R.O.H 2 0*, 30 A^mtott&TfcW.® 14^»jjPFe, Zn , 

fllCu; S| 15 ^iHFe, ' Zn, ftl Cu #J$S£&. 
14 : 3 x 6g/L Tastone 154 
^mn&M%>) i fc%frl& 96g/L 1L [ft 3 #j\ ^BOt0 I /hfcf. 0 , 

22 3FP 28 /hB^jHlA lL^Nfr. £jg 22 fQ 28 /Ntf, H S.^€#^^S(CER , 

FeCt 3 6H 2 0 480 mg 

ZnS0 4 7H 2 0 240 mg 

CuS0 4 5H 2 0 16mg 
JKFFeCl 3 »j»« lLSgflLM^Ift***. JWA^Wft, /B NaOH ft pH 

S 4.5 . 1 /Mtt. 30 /hflt^ifcioA. 

^MftWifiH^jtS^ 50cm/sec M^JiJg3fctf*J W 80cm/sec , @;ft£0*S 

+w*io*tt(i3L)w#«ifta#*ttiiii*. «*tt«#5*it**ar*w*«. 

£B 16 /jMtf, D.O.I^M 40%WT, *lltSm 28 /MtfJftiftftjiftJMS 175 
cm/sec. «JgfflH J ia36 A l*M*#D.O.ftiM4 40%IU±. 4* 46 /JMI*, 3?T 
JB£ffitt»#a££ltlS£ 190 cm/sec . * 48 /jM*t3f 

200cm/sec , £51 /hBt^J 220 cm/sec , M 53 /W% 235 cm/sec , £ 56/Mtt3j 250 
cm/sec, M 57 /hS^^j 260 cm/sec , M 70 /h ft # 280 cm/sec . BPl£&&#B<}ii#it 
£(450rpm)T, A^ttlKA^ftlt. Afcil*MHUK*«tt . 
AHfltHMTfttt. tffi*#Jl¥IM:. JmA»W*»H*ffiTfc*. i8l»7#Jt 
K. £S&116/Mtf, ft$#MSP«PJ 265cm/sec, 
250cm/sec . 

£H3§£#jI£ 18 /hW#i&/ te £J&*. ?S*iiilAXjHlA?B^J*fi«l. 
^iPA^?&^J^20/jNBrr. S24/|Mti, Sg&i&fcSi^i&i*. flf HgtttW^ 
M&jW. S 72 /JnB*. *^»?6*TP*. fift. £W&Jftft&1Wft£B*JqAi8 

M24/jMft, itlJ^M^^^ v f[^^^(l-2mm)fP^mB<)MM^^^. £*SM 
£48/Nti, £tJ@M+#MlttM^*ft> m/h#J3$tt(l-2mm), 

*5lrit3R«eH3**t(l-2mm). fj-#8i&(0.5mm mT)fniftftW«M**flc. $ 144 
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jf 15 : 3 * 6g/LTastone 154 

&@|#J|J»M$; 96g/L n&XMl'btf. SIO, 22fP26/hBt3 

lLm 22 *P 26 /jMtf, -*te#ff#ifcM£#i#fc. £0$JF& 



ftlAltt&££: 

KH 2 P0 4 77g 
FeCl 3 6H 2 0 480 mg 

ZnS0 4 7H 2 0 240 mg 

CuS0 4 5H 2 0 16mg 

^FeCl 3 ^$?& 500ml 5g/L Wtftiltf t. iOA^^W&, #J NaOH pH 
iWM4.5. &KH 2 PO 4 ?g0& 500ml R.0.7X4 1 . 1 'hH\f, ^ 

10 50cm/sec ffi*£JI$fct|-*JW 80cm/sec , 

+ W«*B«tt(l3L)HI#tB:i4a#*WJ|«. gmW$#M£##ifcrfiifl«t. 

£8 16 /jMtf, D.O.^M 40% WT, AlftS^ 27 /hfl*J»J»#iiSllW3l 175 
cm/sec. ^Jgffl*^SJ[^ i t{*jlt**J»D.O.teiW«40%IU±. £S& 41 'Nti, #7 
atffS^*/h*Wffl^WJKHt#5««ll»S 200 cm/sec . 
15 Sf5 42 ^JnB^^7 220cm/sec , M 46 /hHtf & 230 cm/sec , M 51 /hffj^ 235 cm/sec , M 
70 /httft 240 cm/sec. Wte£&fttoJft#i££(410rpm)T-, M^ffif M^til 

mw%mimm&}£.®m®%}. so /m* , 205c m /sec C . 

20 M^ftJ. 5 72 /Mtf, ^»?S»TI*. fiJi, £»£&{&&flf3S£W*fiqAJIi 

MM. 

3* tt flff^h Jfl *&«. ■ mA»*«ft^«tt**«*(l-3miii). M96/jM*t. 4 
25 ttAMS$ft. l-2mm , X*tt$A*ttttft£gtttt*HII. KlSiflF^Jtfe 

Jf 15 14 ttE#J#£^iQ7#K&M«l 15 S»^fiEaS+. 

30 ibjtkvifcmmm? 1 *, wm^jw. «»tta^*^*w«F«EftT, i^s 



«*S#J/W(«15ft82g/L, Mm 14 % 64 g/L), XiVUM^tfl^fii 

^4 



ftt 14 








(g/L) 


(g/L) 


(%Tfi) 


ARA 


(gfa/L/d) 


0 


116.0 


i.i 








24 


101.0 


1.8 


1.2% 


22.2% 


0.02 


48 


84.0 


14.3 


6.2% 


24.7% 


0.44 


72 


60.0 


24.5 


10.6% 


24.2% 


0.87 


96 


45.0 


28.2 


15.5% 


25.3% 


1.09 


120 


34.0 


28.9 


18.1% 


26.6% 


1.05 


144 


27.0 


30.8 


20.8% 


27.2% 


1.07 




m is 






(g/L) 


(g/L) 


(%^PS) 


(%J*) 


(gfa/L/d) 


0 


113.0 


0.4 








24 


101.0 


2.1 


1.1% 


24.0% 


0.02 


48 


74.0 


21.7 


8.1% 


24.7% 


0.88 


72 


51.0 


26.2 


19.9% 


26.5% 


1.74 


96 


31.0 


30.1 


25.5% 


28.6% 




120 


18.0 


33.8 


31.7% 


31.4% 


2.14 


144 


6.0 


34.5 


36.0% 


32.9% 


2.07 



5 %mm 7. xmm&Ftttt&mft&toniu&mmtktom 

hkmmmfa^ GYE tg#:S(50g/L mW&m 6g/L Tastone 154)6<J#^g|^ 
ft. fij£4|ft£28TC, **Jl»#jSflP«3gS 130Ml60cm/sec±|B](^43rpm). ft 
|J]^flE^6psi, S#)iI^ilJgft0.25VVM. ^0B!jWpH^|^M5.O, 
D3 pH 5.5 . &mMT + tt*.tk1&&ft& D.O.>40%: (i)fttt£ 

10 ftS llpsi, (ii)#£S#&g$iiiJM 156-175cm/secSi#g#$3£|t (iii)#il^gg 
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ik&&xmmt\iA#io.\m\fLmm\). ^ sn i$ NaOH 

pH>5.5 . 

80g/L ®^$f(ADM) 

16g/L ^^(ADM nutrisoy) 

30mg/L FeCl 3 6H 2 0(Sigma/Aldrich) 

1.5mg/LZnS0 4 7H 2 0(Sigma/Aldrich) 

O.lmg/L CuS0 4 5H 2 0(Sigma/Aldrich) 

lmg/L £tJ|T(Sigma/Aldrich) 

2mg/L &MJ&(Sigma/Aldrich) 

2mg/L £^(^#5&)(Sigma/Aldrich)(iKil itu W£ pH4.8-5.0) 

162cm/sec(#J 23rpm), f|]ii^ 6psi , MW^)M%MBt^ 0.15VVM(#J 
300scfh). 

&%ftm*(ftmfamm&D.o. >4o%: cmmmftm n P si, (H)^#iis 

WiMm 300cm/sec M#^i£MS(^#tl T 30cm/sec), (iii)^il^ iUKJtitJJg 
0.5VVM . 

WWT P H mi>lT&*&M P H : 

#?<^5lttS3flpHi££;fr 5.5. M 8N #J NaOH pH >5.5 . 
fe&ffljfi 24 M 36 /h$t, jJUA: 2g/LKH 2 P0 4 (l 10kg ^T£*J 700L tJC 1 * 3 ). 
IMS/jMtf, *nmiB^$fM<6.0g/L, &pHi££{I&#>6.1 . 
^ 72 /JnB*, *<J O.lpH &)&mmmW P H ?fS>6.6 . 

&>&mimiJQ H 2 S0 4 pH ffis^ 7.3 . 

mm 12 /hB*xt«»tift#-&aft44if5i»ii&i»S!W^tff, & p h ^m>6.6 

^/SM 80g/L TP$M<n4g/L . 





S^H(80g/L)+;fcat&(i6gfc)+*mfi+tl££ 




(g/L) 


NH3 
(mM) 


(g/L) 




ARA 1§* fi 


(gift/L/d) 


0 


58.0 












66 


43.0 




12.6 


14.9% 


33.7% 


0.68 


94 


33.0 




17.0 


27.0% 


40.0% 


1.17 


118 


23.0 




20.6 


28.2% 


42.6% 


1.18 


142 


16.0 




; 17.1 


39.2% 


44.2% 


1.13 


165 


9.6 




21.5 


41.5% 


45.5% 


1.30 


188 


5.2 




19.8 


41.7% 


47.3% 


1.05 


215 


1.7 




23.2 


46.0% 


48.9% 


1.19 


237 


0.2 




23.1 


44.8% 


51.2% 


1.05 



6 mih&mm&i&mxin 



- ^#f(65g/L)+*£$(16g/L)+^&+£| 






(g/L) 


NH3 
(mM) 


(g/L) 




ARA ItM. 
(%$D 


(g m/L/d) 


0 














65 


36.0 




13.0 


8.2% 


29.0% 


0.39 


90 


23.0 




12.0 


18.0% 


42.0% 


0.58 


115 


15.0 




14.0 


30.0% 


47.0% 


0.88 


139 


9.0 




15.0 


32.0% 


51.0% 


0.83 


171 


4.0 




17.0 


36.0% 


55.0% 


0.86 


209 


1.4 




12.0 


36.0% 


57.0% 


0.50 


243 


o ■ 




14 


37.0% 


60.0% 


0.51 


187 


0 




13 


34.0% 


64.0% 


0.57 
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